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1 Executive summary and conclusion 

DHI provides independent verification testing services to developers of ballast water manage-
ment systems. DHI’s quality assurance project plan is consistent with the requirements of the 
International Convention for the Control and Management of Ships Ballast Water and Sedi-
ments.  

From November 2011 through June 2012, DHI conducted shipboard tests of the Auramarine 
ballast water management system CrystalBallast®75 (CB75) in accordance with DHI’s certifica-
tion by Lloyd’s Register verified by Det Norske Veritas. The ability of the CB75 to (a) successfully 
treat ballast water without interruption and (b) meet IMO D-2 discharge standards was evaluat-
ed during a series of three valid test cycles. 

The first test cycle was conducted in the Port of Hundested, Denmark, at a salinity of 19 PSU and 
water temperature of 9-10°C. The two remaining test cycles were conducted in the Port of Ska-
gen, Denmark, at salinities of 27-28 PSU and water temperature of 13-14°C. 

The average densities of viable organisms in the ≥50 µm size class in the inlet water varied from 
approx. 11,000 to approx. 31,000 organisms/m3. For the size class ≥10 and <50 µm, the average 
densities in the inlet water varied from approx. 160 to approx. 310 organisms/mL when deter-
mined by inverted microscopy. The contents of E. coli were generally low and enterococci were 
hardly detected. The inlet water concentrations of organisms ≥50 µm and the smaller planktonic 
organisms (≥10 and <50 µm) fulfilled the validity criteria defined in the IMO G8 guidelines. For 
shipboard testing, there are no requirements in the IMO G8 guidelines in relation to the density 
of bacteria in the inlet water. 

The numbers of viable organisms in the ≥50 µm size class in the treated discharge water were 
0.74, 5.3 and 5.9 organisms/m3 in the three test cycles, which is 1.7-14 times below the thresh-
old value defined in the IMO D-2 standard. In all three test cycles, the density of viable algae in 
the treated discharge water was determined to be 0.18 organisms/mL or less by use of a most 
probable number (MPN) assay, and micro-zooplankton was not observed in the treated dis-
charge water. By using the result of the MPN assay, the density of viable organisms representing 
the ≥10 and <50 µm size class in the treated discharge water was thus approx. 55 times or more 
below the IMO D-2 standard. Measurements of primary production showed a decrease 99.9-
100% after treatment with the ballast water management system compared with the control 
with untreated ballast water, which confirmed that the treatment resulted in an immediate im-
pact on the algal photosynthesis. In the treated discharge water, the average contents of E. coli 
and enterococci were below the detection limit in all three test cycles. Vibrio cholerae was not 
identified in any of the test cycles. 

The CB75 functioned properly during all three test cycles and effectively reduced live organism 
densities. Live organisms in the size classes defined in the IMO G8 guidelines (MEPC.174(58) 
(G8)) were discharged at densities below the IMO D-2 standard. 

2 Introduction 

The objective of this project was to conduct a shipboard test of the Auramarine Crystal-
Ballast®75 in accordance with the guidance given in Resolution MEPC.174(58), Guidelines for 
approval of ballast water management systems (G8) (IMO, 2008), hereafter referred to as the 
IMO G8 guidelines. 

DHI holds a certificate of compliance issued by Lloyd’s Register. The acting classification society 
for the shipboard test of the Auramarine ballast water management system (BWMS) Crystal-
Ballast®75 (CB75) was DNV (Det Norske Veritas). 

DHI has no involvement, intellectual or financial, in the mechanics, design or marketing of the 
BWMS whose performance has presently been evaluated. To ensure that DHI tests are uncom-
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promised by any real or perceived individual or team bias relative to test outcomes, DHI test ac-
tivities are subject to rigorous quality assurance, quality control procedures and documentation. 

During the shipboard testing campaigns, a CrystalBallast®75 ballast water treatment unit with 
automatic filtration and UV light reactors with nominal flow capacities of 75 m3/h was tested. 
The CB75 installation consisted of three UV light reactors (3×75 m3/h) in order to match the 
pump capacity of the vessels ballast pumps.  

During three consecutive valid test cycles, the CB75 was evaluated for its ability to: (a) success-
fully treat ballast water without interruption and (b) meet IMO D-2 standard at discharge.  

3 Testing laboratory 

DHI is an independent, international consulting and research organisation with the objectives to 
advance technological development and competence within the fields of water, environment 
and health. DHI established the DHI Ballast Water Centre with the purpose to provide perfor-
mance evaluation of BWMS. The DHI Ballast Water Centre includes land-based test facilities and 
environmental laboratories in Denmark and Singapore. 

The shipboard test was carried out by: 

DHI 
Agern Allé 5 
DK-2970 Hørsholm 
Denmark 

4 Ballast water management system 

A description of the CB75 as provided by Auramarine is included in the quality assurance pro-
ject plan (QAPP) in Appendix C.  

The three test cycles were conducted with a FilterSafe BSF – 100H (40 µm) filter. Specifications 
of UV intensity readings from the CB75 system are available in the data logging provided in Ap-
pendix A. 

5 Experimental design 

5.1 Trial periods and locations 

The shipboard test was conducted on-board the trailer carrier M/S Ahtela (IMO 8911736). M/S 
Ahtela is a cargo ship from 1991 and has been converted in 1998 and 2008. M/S Ahtela is a DNV 
class general cargo carrier Ro-Ro registered in Rauma, Finland. The vessel has a deadweight 
(DWT) tonnage of 6,600 tons and a gross tonnage of 8,610 tons. During the shipboard testing 
period, the M/S Ahtela was not in regular route. Therefore, ballast and de-ballast operations 
were conducted 3-4 times a week every other week to simulate normal operation. Between 
these ballast and de-ballast operations, the vessel would conduct voyages between at least two 
different ports, as described in Appendix A of the QAPP (Appendix C in the present report). The 
CB75 was installed in two 20’ containers placed in the aft part of the lower hold and connected 
to the ballast water system of the vessel. For the shipboard testing, the ballast tank pairs 7 and 8 
were used for treated water and the ballast tank pair 3 was used for control water. The individ-
ual tests with the CB75 were conducted as presented in Table 5.1.  
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Table 5.1 Details for inlet and discharge operations for shipboard test cycles 

Test 

cycle 
Location Operation Inlet 

Volume and 

flow rate 
Discharge 

Volume and 

flow rate 

CB75-
Test#1 

Hundested 

Control 
2011.11.08 

11:10-12:10 
225 m3 

225 m3/h 
2011.11.09 

11:10-11:59 
184 m3 

225 m3/h 

Treatment 
2011.11.08 

12:20-14:05 
394 m3 

225 m3/h 
2011.11.09 

09:06-10:34 
320 m3 

218 m3/h 

CB75-
Test#2 

Skagen 

Control 
2012.06.25 

10:01-10:42 
157 m3 

230m3/h 
2012.06.26 

09:11-09:44 
126m3 

229 m3/h 

Treatment 
2012.06.25 
11:39-13:11 

350 m3 

228 m3/h 

2012.06.26 
07:32-08:35 

228 m3 

217 m3/h 

CB75-
Test#3 

Skagen 

Control 
2012.06.26 

11:40-12:21 
149 m3 

218 m3/h 
2012.06.27 

09:25-09:57 
234 m3 

125 m3/h 

Treatment 
2012.06.26 

13:14-14:50 
349 m3 

218 m3/h 
2012.06.27 

08:06-09:08 
233 m3 

225 m3/h 

In test cycle #1, ballast and de-ballast operations were conducted while the vessel was docked 
in the Port of Hundested, Denmark. The ballast and de-ballast operations for test cycles #2 and 
#3 were conducted while the vessel was docked in the Port of Skagen, Denmark. The holding 
time varied from 17 to 19 hours for treated water and from 21 to 23 hours for control water. 
Each test cycle consisted of sampling and analyses of: 

 Inlet water: Physical-chemical and biological parameters in the inlet water were consid-
ered as sufficiently stable during the ballasting, and, thus, only one set of samples and anal-
yses was used to represent the control tank and the ballast tank 

 Discharge control water: Stored without treatment from the time of ballasting to dis-
charge 

 Discharge treated water: Treated and stored from the time of ballasting to discharge 

5.2 Sampling 

5.2.1 Sample overview 
All samples were collected by DHI staff in accordance with the description in the QAPP (Appen-
dix C). 
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Table 5.2 Number of samples and sample volumes 

Water type Sample replicates Sample volume per replicate 

Inlet water 3 replicates 

Organisms ≥50 µm: >1 m3 * 

Organisms ≥10 and 50 µm: >1 L ** 

Bacteria: >0.5 L **  

DOC + POC: Approx. 0.5 L ** 

TSS: Approx. 2 L ** 

Control discharge water 3 replicates 

Organisms ≥50 µm: >1 m3 * 

Organisms ≥10 and 50 µm: >1 L ** 

Bacteria: >0.5 L ** 

DOC + POC: Approx. 0.5 L ** 

TSS: Approx. 2 L ** 

Treated discharge water 

3 replicates Organisms ≥50 µm: >3 m3 * 

3 × 3 replicates Organisms ≥10 and 50 µm: >1 L ** 

3 × 3 replicates Bacteria: >0.5 L ** 

3 replicates DOC + POC: Approx. 0.5 L ** 

3 replicates TSS: Approx. 2 L ** 

* Samples collected by continuous flow during the entire period of intake or discharge; this continuous sampling of 
3 replicates, each with a volume >3 m3, provides the same statistical basis for counting as the sampling of 3 × 3 

replicates of >1 m3, which is recommended in the IMO G8 guidelines 
** Samples collected over the period of intake or discharge (start, middle and end) 
DOC Dissolved organic carbon 

POC Particulate organic carbon 
TSS Total suspended solids 

5.2.2 Samples for enumeration of organisms ≥50 µm 
Three replicates were collected by parallel continuous sampling during the entire periods of in-
let and discharge. The samples were gently filtered through a net with a mesh size of 35 µm and 
a reservoir (cod-end) at the bottom for collecting the organisms ≥50 µm. Each replicate was 
transferred to 1-L glass bottles. The total volume of the filtered sample exceeded 3 m3 per repli-
cate for the treated discharge samples and 1 m3 per replicate for the inlet and control discharge 
samples. The exact sample volume for each of the three replicates was determined by use of 
three flow meters that were connected to the relevant sampling ports installed in the system. 

5.2.3 Samples for enumeration of organisms ≥10 µm and <50 µm 
Samples (3 replicates for the inlet water, 3 replicates for the control discharge water, and 3 × 3 
replicates for the treated discharge water) with a volume of at least 1 L were collected in poly-
ethylene containers. 

5.2.4 Samples for enumeration of bacteria 
Samples (3 replicates for the inlet water, 3 replicates for the control discharge water, and 3 × 3 
replicates for the treated discharge water) with a volume of at least 0.5 L were collected in ster-
ile polyethylene containers. 

5.2.5 Samples for DOC, POC and TSS analyses 
Samples (3 replicates for the inlet water, 3 replicates for the control discharge water, and 3 rep-
licates for the treated discharge water) of at least 0.5 L were collected in heat-sterilized blue cap 
bottles for analysis of DOC and POC. For TSS analysis, samples with a volume of approx.. 2 L 
were collected in polyethylene containers. 



DHI  
 

 

EAT/11811494/ Performance evaluation in shipboard test of the Auramarine ballast water management system CrystalBallast®75 /Report No. 2/2012.08.31 6 
 

5.3 Analyses 

5.3.1 Analysis overview 

Table 5.3 Overview of analyses and sample replicates 
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O
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Inlet water 

Replicate 1 (start) 1 1 Three 
repli-
cates 

1 1 1 1 1 1 

Replicate 2 (mid) 2 2 2 2 2 2 2 2 

Replicate 3 (end) 3 3 3 3 3 3 3 3 

Control discharge water 

Replicate 1 (start) 1 1 Three 
repli-
cates 

1 1 1 1 1 1 

Replicate 2 (mid) 2 2 2 2 2 2 2 2 

Replicate 3 (end) 3 3 3 3 3 3 3 3 

Treated discharge water 

Replicate 1-3 (start) 1 1 Three 
repli-
cates 

1 1-3 - 1-3 1 1 

Replicate 4-6 (mid) 4 4 4 4-6 - 4-6 4 4 

Replicate 7-9 (end) 7 7 7 7-9 - 7-9 7 7 

MPN Most probable number 
DOC Dissolved organic carbon 

POC Particulate organic carbon 
TSS Total suspended solids 

All analyses were carried out in accordance with the QAPP (Appendix C) and the relevant stand-
ard operating procedures (DHI SOPs). In test cycle #1, performed in the Port of Hundested, 
samples were transported from Hundested to the DHI laboratory in Hørsholm, where analyses 
were performed. In test cycles #2 and #3, performed in Port of Skagen, samples were processed 
on-board the vessel. Analyses were initiated within 4 h from the time of sampling.  

5.3.2 Organism size class ≥50 µm 
The concentrations of viable organisms ≥50 µm in the samples were determined by using a ste-
reo microscope and a counting chamber. Viable organisms were determined on the basis of ob-
served mobility and morphology according to DHI SOP 30/1700. The viable organisms were 
characterized according to broad taxonomic groups. Compliance with the IMO D-2 standard 
(IMO, 2004) was verified by using the direct count of viable organisms ≥50 µm. 

5.3.3 Organism size class ≥10 µm and <50 µm 
The polyethylene container with a volume of 2-10 L was gently turned upside down five times, 
after which subsamples were taken for the analyses described below. 

Organisms in inlet water 
One subsample per replicate, with a volume of approx. 10 mL, was transferred to 10-mL poly-
ethylene tubes with screw-caps. The concentrations of viable algae were determined by use of 
the most probable number (MPN) assay. A dilution series was made for each replicate and 1 mL-
aliquots containing 1 mL, 0.1 mL and 0.01 mL of the subsample were added to series of five test 
tubes with 5 mL of liquid medium. Blank controls containing 5 mL of liquid medium without 
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sample were also prepared. In test cycles #2 and #3, the test tubes were sealed and kept in the 
dark at ambient temperature during storage on-board the vessel and transport to the DHI la-
boratory. The fluorescence of the test tubes was determined prior to the incubation. The con-
centrations of viable algae in the samples were determined by measuring the fluorescence in the 
test tubes after 14 days of incubation under continuous light. Incubation temperatures were 13-
15°C.  

The concentrations of organisms in the size class ≥10 and <50 µm were determined by inverted 
microscopy. Subsamples with a volume of approx. 100 mL were transferred from the inlet water 
samples to brown 100-mL glass bottles. The subsamples were preserved by addition of Lugol’s 
solution to achieve 2% final concentration. The organisms identified in the inlet water were as-
sumed to be viable at the time of sampling. The identification comprised detailed examination of 
the algal chloroplasts to confirm that the organisms had been alive and classification of the algae 
in major taxonomic groups. 

The algal primary production was determined by measuring the 14C fixed by photosynthesis.  
Two subsamples per replicate, each with a volume of approx. 60 mL, were transferred to 60-mL 
bottles and NaH14CO3 (2 µCi) was added to each bottle. The bottles were incubated for approx. 
75 min under light from a light panel. In test cycle #1, the bottles were incubated at 9-11°C, and 
in test cycles #2 and #3, the incubation temperature was 14-16°C. After incubation, the samples 

were filtered onto Whatman GF/D filters, and the filters were transferred to glass vials, after 
which 200 µL 0.1 N HCl was added directly to the filters. The 14C activity remaining in the algae 
on the filters after acidification was quantified by liquid scintillation counting. 

Organisms in discharge water 
The concentrations of viable algae in the discharge control water and the discharge treated wa-
ter were determined by use of the MPN assay. Compliance with the IMO D-2 standard (IMO, 
2004) was verified by using the total of viable algae determined by the MPN assay and viable 
micro-zooplankton ≥10 and <50 µm as described in DHI SOPs 30/1701 and 30/1704. As a sup-
porting parameter, measurements of primary production were conducted by use of the method 
described above. 

Furthermore, organisms in the size class ≥10 and <50 µm in the control discharge water sam-
ples were also counted by inverted microscopy after fixation with Lugol’s solution.  

5.3.4 Bacteria 
The concentrations of E. coli and enterococci were determined by diluting the samples with a 
special microplate diluent (1:1), after which the samples were distributed in a specific 96-wells 
test kit for either E. coli or enterococci (BIO-RAD, MUG/MUD kits for E. coli or enterococci quan-
tification). The inoculated test kits were incubated for 36 hours at 44°C (42°C to 44.5°C), after 

which positive wells were used to calculate the most probable numbers. 

Samples for detection of Vibrio cholerae were filtered through a 0.45-µm filter. In test cycle #2 
and #3, the filters were stored in the dark at ambient temperature in sterile polyethylene tubes. 
On arrival at the laboratory, the filters were submerged into alkaline saline peptone water for 
two selective enrichments. The cultures obtained by the enrichments were used for inoculation 
of agar plates. Following 24 hours of incubation at 37 ± 1°C, the morphology of the colonies on 

the agar plates was inspected.  

5.3.5 Physical-chemical parameters 
Dissolved oxygen, salinity, temperature and pH were measured by use of portable multi param-
eter instrument equipped with electrodes. In test cycles #2 and #3 (Table 5.1), turbidity was al-
so measured. Measurements were conducted at regular intervals throughout the inlet and dis-
charge operations. 

Samples for determination of organic carbon content were filtered through a 0.45-µm syringe 
filter. By using a TOC analyser, the TOC was determined by analysis of non-filtered samples 
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whereas the dissolved organic carbon (DOC) was determined by analysis of filtered samples. 
The particulate organic carbon (POC) was calculated as the difference between TOC and DOC. 

Samples for determination of total suspended solids (TSS) were filtered through a glass fibre fil-
ter, which had already been weighed in the laboratory, and the TSS was determined by weighing 
of filters containing sample after drying at 105 °C. 

6 Results 

6.1 Physical-chemical parameters 

For the CB75 system, the physical-chemical conditions of inlet and discharge waters for test cy-
cles are summarized in Tables 6.1 and 6.2. Onsite measurement data are also available in the da-
ta logging in Appendix A. Detailed data on TSS, POC and DOC are available in Appendix B. 

Table 6.1 Average concentrations of total suspended solids (TSS), particulate organic 

carbon (POC) and dissolved organic carbon (DOC) 

Test 

cycle 
Water type 

TSS  

(mg/L) 

POC  

(mg/L) 

DOC  

(mg/L) 

CB75-
Test#1 

Inlet water 0.80 0.27 3.0 

Control discharge water 0.93 0.36 2.9 

Treated discharge water 1.3 0.28 3.0 

CB75-
Test#2 

Inlet water 1.1 0.47 1.7 

Control discharge water 0.76 0.38 1.8 

Treated discharge water 1.1 0.49 1.7 

CB75-
Test#3 

Inlet water 0.93 0.58 1.9 

Control discharge water 0.75 0.64 1.9 

Treated discharge water 0.85 0.49 2.0 

Table 6.2 Average measurements of oxygen (O2), salinity, temperature, pH, UV 

transmittance (UVT) and turbidity 

Test 

cycle 
Water type 

O2 

(%) 

Salinity 

(PSU) 

Tempera-

ture (°C) 
pH 

UVT 

(%) 

Turbidity 

(NTU) 

CB75-
Test#1 

Inlet water 92 19.3 9.5 7.9 86 - 

Control discharge water 96 19.3 9.6 8.0 86 - 

Treated discharge water 94 19.2 9.8 8.0 87 - 

CB75-
Test#2 

Inlet water 91 27.4 13.5 8.2 93 5 

Control discharge water 87 27.6 14.1 8.1 93 2 

Treated discharge water 87 27.3 13.8 8.2 93 4 

CB75-
Test#3 

Inlet water 88 26.5 13.7 8.2 92 3 

Control discharge water 83 26.9 14.4 8.1 93 1 

Treated discharge water 85 26.6 13.6 8.2 93 3 

PSU Practical salinity units 
NTU Nephelometric turbidity units 

UVT UV transmittance 
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6.2 Biological parameters  

The densities of live organisms in the inlet and control discharge water were in accordance with 
the IMO G8 guidelines (IMO, 2008) in all test cycles. Detailed data from the biological efficacy 
analyses are available in Appendix A. 

6.2.1 Organism size class ≥50 µm  
The average densities of viable organisms in the ≥50 µm size class varied from approx. 11,000 to 
31,000 organisms/m3 in the inlet water and from approx. 9,000 to 25,000 organisms/m3 in the 
control discharge water. The majority of organisms ≥50 µm in the inlet water were identified as 
copepods and copepod nauplii.  

Table 6.3 Total sample volumes and average concentrations of viable organisms in the size 

class ≥50 µm. Specific data and individual sample volumes are provided in 

Appendix B. 

Test cycle 

Inlet water Control 

discharge water 

Treated 

discharge water 

Total sample 

volume  

(m3) 

organ-

isms/m3 

Total sample 

volume  

(m3) 

organ-

isms/m3 

Total sample 

volume  

(m3) 

organ-

isms/m3 

CB75-Test#1 3.46 11,445 3.57 8,905 9.44 0.74 

CB75-Test#2 3.24 22,941 3.39 10,545 9.57 5.3 

CB75-Test#3 3.15 31,238 3.42 25,180 9.59 5.9 

IMO G8 ≥3 >100 ≥3 >10 ≥9 <10 

In the treated discharge water, the numbers of viable organisms in the ≥50 µm size range varied 
from 0.74 to 5.9 organisms/m3, which is 1.7-14 times below the threshold value defined in the 
IMO D-2 standard.  

6.2.2 Organism size class ≥10 and <50 µm 
The densities in the inlet water varied from approx. 160 to 310 organisms/mL when deter-
mined by inverted microscopy (Table 6.4). The average densities of viable algae in the inlet and 
control discharge water determined by the MPN assay were >160 organisms/mL in all three test 
cycles. Furthermore, inverted microscopy of the ≥10 and <50 µm size class showed densities of 
approx. 110 to 250 organisms/mL in the control discharge water samples. 

The MPN of algae in the treated discharge water was below the MPN assay detection limit of 
0.18 organisms/mL in test cycle #1. In test cycles #2 and #3, the average densities of viable al-
gae determined by MPN were 0.18 organisms/mL. The highest MPN measured in the individual 
replicates were 0.20 organisms/mL (Appendix B). Heterotrophic micro-zooplankton ≥10 and 
<50 µm was not observed in the treated discharge water. By using the results of the MPN assay, 
the average densities of viable organisms representing the ≥10 and <50 µm size class in the 
treated discharge water were thus approx. 55 times or more below the IMO D-2 standard. 
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Table 6.4 Average concentrations of viable organisms in the size class ≥10 µm and <50 µm. 

The primary production decrease is expressed as the percentage reduction of the 

measured primary production in inlet water. Specific data are provided in 

Appendix B.  

Test 

cycle 
Water type 

Microsco-

py (organ-

isms/mL) 

MPN  

(organ-

isms/mL) 

Primary production 

DPM 
Decrease 

(%) 

CB75-
Test#1 

Inlet water 311 >160 1164 

99.9 Control discharge water 246 >160 698 

Treated discharge water - <0.18 1.2 

CB75-
Test#2 

Inlet water 159 >160 648 

100 Control discharge water 139 >160 42 

Treated discharge water - 0.18 0 

CB75-
Test#3 

Inlet water 161 >160 115 

100 Control discharge water 111 >160 110 

Treated discharge water - 0.18 0 

IMO G8 

Inlet water >100 >100 - - 

Control discharge water - >10 - - 

Treated discharge water - <10 - - 

MPN Most probable number 
DPM Disintegrations per minute 

Table 6.5 Algal species identified in inlet water and their capability for growth under the 

conditions applied in the MPN assay. 

Groups and species CB75-Test#1 CB75-Test#2 CB75-Test#3 

Capable to 

grow in MPN 

assay 

Bacillariophyceae     

Chaetoceros curvisetus  X X + 

Chaetoceros danicus  X X + 

Dactyliosolen fragilissimus  X X + 

Gonioceros septentrionalis  X X + 

Leptocylindrus minimus X   + 

Pseudonitzschia sp. X   + 

Rhizosolenia setigera X    

Skeletonema costatum X X X + 

Thalassiosira gravida/rotula X   + 

Chlorophyceae     

Tetraselmis sp.  X X + 

Cryptophyceae     

Cryptophytes spp. X   + 

Dinophyceae     

Ceratium furca X   + 

Gymnodinium sp.  X X + 

Heterocapsa triquetra X   + 

Euglenophyceae     

Euglena sp.  X   
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Growth under the conditions applied in the MPN assay has been confirmed for 87% of the algal 
species identified in the inlet water (Table 6.5). The decrease in primary production of 99.9-
100% during treatment in the BWMS confirmed that the treatment resulted in an immediate 
impact on the algal photosynthesis. 

UV irradiation causes damage of the DNA in the cells and it may take several days before the cell 
membrane is disrupted and the enzyme activity stops (Stehouwer et al., 2010, Liltved et al., 
2011; Liebich et al., 2012). Enumeration of algae by use of the MPN assay is directly related to 
growth over a certain time period. The ability of algal species to grow is the meaningful defini-
tion of viability in an evaluation, of which the target is to determine the efficiency of treatment 
to reduce the potential of species in ballast water to proliferate and survive in the natural envi-
ronment. For UV treatment systems, the MPN assay is considered the best available methodolo-
gy for evaluation of viable algae. Primary production analyses provide a measure for algal pho-
tosynthesis by determining amounts of 14C fixed by photosynthesis. Neither the MPN assay nor 
primary production analyses are limited to the ≥10 and <50 µm size class; on the contrary, these 
parameters include planktonic algae without reference to size. 

6.2.3 Bacteria 
For shipboard testing, there are no requirements in the IMO G8 guidelines in relation to the 
density of bacteria in the inlet water or the control discharge water. 

Table 6.6 Average bacterial concentrations. Specific data are provided in Appendix B.  

Test 

cycle 
Water type 

E. coli 

(CFU/100 mL) 

Enterococci 

(CFU/100 mL) 

Vibrio cholerae 

(CFU/100 mL) 

CB75-
Test#1 

Inlet water 25 35 <1 

Control discharge water 19 22 <1 

Treated discharge water <10 <10 <1 

CB75-
Test#2 

Inlet water 43 <10 <1 

Control discharge water 39 <10 <1 

Treated discharge water <10 <10 <1 

CB75-
Test#3 

Inlet water 72 <10 <1 

Control discharge water 21 <10 <1 

Treated discharge water <10 <10 <1 

IMO G8 

Inlet water - - - 

Control discharge water - - - 

Treated discharge water <250 <100 <1 

CFU Colony-forming units 

The contents of E. coli and enterococci in the inlet water and control discharge water were gen-
erally low compared with the IMO D-2 threshold values. In the treated water, the contents of E. 
coli and enterococci were below the detection limit in all three test cycles. Vibrio cholerae was 
not identified in any of the test cycles.  
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A P P E N D I X  A  

Data logging from the shipboard testing with CrystalBallast®75 
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Table A.1.1 Test cycle data logging; treated water 

Subject Results Comments 

Client treatment system Auramarine CB75 (3×75 m3/h) Filter: FilterSafe BSF-100H; 40µm 

Salinity (PSU) 19  

Ballast tank No. Pairs 7 & 8  

Test cycle No. #1  

Location for intake Hundested  

Date and time intake start 2011.11.08 12:20  

Date and time intake stop 2011.11.08 14.05  

Flow during intake 225 m3/h  

Treated volume during intake 394 m3  

Location for discharge Hundested  

Date and time discharge start 2011.11.09 09:06  

Date and time discharge stop 2011.11.09 10:34  

Flow during discharge 218 m3/h  

Treated volume during discharge 320 m3  

Table A.1.2 Test cycle data logging; control water 

Subject Results Comments 

Salinity (PSU) 19  

Ballast tank No. Pair 3  

Date and time intake start 2011.11.08 11:10  

Date and time intake stop 2011.11.08 12.10  

Flow during intake 225 m3/h  

Volume during intake 225 m3  

Date and time discharge start 2011.11.09 11:10  

Date and time discharge stop 2011.11.09 11:59  

Flow during discharge 225 m3/h  

Treated volume during discharge 184 m3  

Table A.1.3 Test cycle data logging; onsite measurements 

Water type 
Dissolved oxy-

gen (%) 
Salinity (PSU) 

Tempera-

ture (°C) 
pH 

UVT 

(%) 

UV intensity 

(mW/cm2) 

Inlet water  
(control) 

92 (±0.55)* 19.3 (±0.09) 9.5 (±0.05) 
7.9 

(±0.05) 
86 (-) - 

Inlet water 
(treated) 

95 (±0.58) 19.2 (±0.17) 9.6 (±0.06) 
7.9 

(±0.06) 
86 (-) 

321**: 0.87 (±0.06) 
322**: 1.2 (±0.06) 
323**: 0.50 (-) 

Control discharge  96 (±0.58) 19.3 (-) 9.6 (±0.06) 8.0 (-) 86 (-) - 

Treated  
discharge 

94 (±0.55) 19.2 (-) 9.8 (±0.05) 
8.0 

(±0.05) 
87 (-) 

321**: 0.86 (±0.05) 
322**: 1.1 (-) 
323**: 0.52 (±0.11) 

* Standard deviations in parentheses 
** CB75 UV reactor number 
PSU Practical salinity units 
UVT UV transmittance 
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Table A.2.1 Test cycle data logging; treated water 

Subject Results Comments 

Client treatment system Auramarine CB75 (3×75 m3/h) Filter: FilterSafe BSF-100H; 40µm 

Salinity (PSU) 28  

Ballast tank No. Pairs 7 & 8  

Test cycle No. #2  

Location for intake Skagen  

Date and time intake start 2012.06.25 11:39  

Date and time intake stop 2012.06.25 13:11  

Flow during intake 228 m3/h  

Treated volume during intake 350 m3  

Location for discharge Skagen  

Date and time discharge start 2012.06.26 07:32   

Date and time discharge stop 2012.06.26 08:35  

Flow during discharge 217 m3/h  

Treated volume during discharge 228 m3  

Table A.2.2 Test cycle data logging; control water 

Subject Results Comments 

Salinity (PSU) 28  

Ballast tank No. Pair 3  

Date and time intake start 2012.06.25 10:01   

Date and time intake stop 2012.06.25 10:42  

Flow during intake 230 m3/h  

Volume during intake 157 m3  

Date and time discharge start 2012.06.26 09:11  

Date and time discharge stop 2012.06.26 09:44  

Flow during discharge 229 m3/h  

Volume during discharge 126 m3  

Table A.2.3 Test cycle data logging; onsite measurements 

Water 

type 

Dissolved 

oxygen (%) 

Salinity 

(PSU) 

Tempera-

ture (°C) 
pH 

Turbidity 

(NTU) 

UVT 

(%) 
UV intensity (W/m2) 

Inlet water 
(control) 

91 
(±4.0)* 

27.4 
(±0.78) 

13.5 
(±0.10) 

8.2 
(±0.01) 

5 
(±1.5) 

93 
(-) 

- 

Inlet water 
(treated) 

86 
(±3.1) 

27.7 
(±0.17) 

13.5 (-) 8.2 (-) 
3 

(±0.58) 
93 
(-) 

321**: 10.3 (±0.06) 
322**: 12.9 (±0.11) 
323**: 11.6 (±0.10) 

Control 
discharge  

87 
(±0.58) 

27.6 
(-) 

14.1 
(±0.06) 

8.1 
(±0.04) 

2 
(-) 

93 
(-) 

- 

Treated  
discharge  

87 
(±0.58) 

27.3 
(±0.06) 

13.8 
(±0.06) 

8.2 
(±0.01) 

4 
(±0.58) 

93 
(-) 

321**: 9.1 (±0.14) 
322**: 11.4 (±0.14) 
323**: 10.2 (±0.14) 

* Standard deviations in parentheses 
** CB75 UV reactor number 
 PSU Practical salinity units 
NTU Nephelometric turbidity unit 
UVT UV transmittance 
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Table A.3.1 Test cycle data logging; treated water 

Subject Results Comments 

Client treatment system Auramarine CB75 (3×75 m3/h) Filter: FilterSafe BSF-100H; 40µm 

Salinity (PSU) 27  

Ballast tank No. Pairs 7 & 8  

Test cycle No. #3  

Location for intake Skagen  

Date and time intake start 2012.06.26 13:14  

Date and time intake stop 2012.06.26 14:50  

Flow during intake 218 m3/h  

Treated volume during intake 349 m3  

Location for discharge Skagen  

Date and time discharge start 2012.06.27 08:06  

Date and time discharge stop 2012.06.27 09:08  

Flow during discharge 225 m3/h  

Treated volume during discharge 233 m3  

Table A.3.2 Test cycle data logging; control water 

Subject Results Comments 

Salinity (PSU) 26  

Ballast tank No. Pair 3  

Date and time intake start 2012.06.26 11:40  

Date and time intake stop 2012.06.26 12:21  

Flow during intake 218 m3/h  

Volume during intake 149 m3  

Date and time discharge start 2012.06.27 09:25  

Date and time discharge stop 2012.06.27 09:57  

Flow during discharge 234 m3/h  

Volume during discharge 125 m3  

Table A.3.3 Test cycle data logging; onsite measurements 

Water 

type 

Dissolved 

oxygen (%) 

Salinity 

(PSU) 

Tempera-

ture (°C) 
pH 

Turbidity 

(NTU) 

UVT 

(%) 
UV intensity (W/m2) 

Inlet water 
(control) 

88 
(±.058)* 

26.5 
(±0.21) 

13.7 
(±0.06) 

8.2 
(±0.01) 

3 
(±0.58) 

92 
(-) 

- 

Inlet water 
(treated) 

87 
(±0.58) 

26.9 
(±0.20) 

13.8 
(±0.06) 

8.2 (-) 
3 

(±1.0) 
92 
(-) 

321**: 9.5 (±0.10) 
322**: 12.1 (±0.11) 
323**: 10.8 (±0.05) 

Control 
discharge  

83 
(±6.9) 

26.9 
(-) 

14.4 
(±0.06) 

8.1 
(±0.08) 

1 
(±0.58) 

93 
(-) 

- 

Treated  
discharge  

85 
(-) 

26.6 
(-) 

13.6 
(-) 

8.2 
(±0.01) 

3 
(±1.2) 

93 
(-) 

321**: 9.1 (±0.10) 
322**: 11.5 (±0.15) 
323**: 10.3 (±0.10) 

* Standard deviations in parentheses 
** CB75 UV reactor number 
 PSU Practical salinity units 
NTU Nephelometric turbidity unit 
UVT UV transmittance 
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A P P E N D I X  B  

Detailed data for physical and chemical properties and  

biological efficacy analyses in shipboard testing of CrystalBallast®75 
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Physical-chemical parameters 

Table B-1 Measurements of total suspended solids (TSS) 

Test 

cycle 
Water type 

TSS (mg/L) 

FR1 FR2 FR3 AVG STD 

#1 

Inlet  0.77 0.76 0.88 0.80 ±0.07 

Control discharge  0.78 0.81 1.2 0.93 ±0.24 

Treated discharge  1.2 1.2 1.6 1.3 ±0.25 

#2 

Inlet  0.73 1.5 1.1 1.1 ±0.40 

Control discharge  0.88 0.68 0.70 0.76 ±0.11 

Treated discharge  1.2 1.0 1.0 1.1 ±0.12 

#3 

Inlet  0.83 1.0 0.93 0.93 ±0.10 

Control discharge  0.73 0.78 0.73 0.75 ±0.03 

Treated discharge  1.0 0.68 0.83 0.85 ±0.18 

FR Field replicate 
AVG Average 
STD Standard deviation 

Table B-2 Measurements of particulate organic carbon (POC) 

Test 

cycle 
Water type 

POC (mg/L) 

FR1 FR2 FR3 AVG STD 

#1 

Inlet  0.33 0.29 0.18 0.27 ±0.08 

Control discharge  0.36 0.33 0.38 0.36 ±0.02 

Treated discharge  0.27 0.26 0.30 0.28 ±0.02 

#2 

Inlet  0.41 0.46 0.55 0.47 ±0.07 

Control discharge  0.26 0.42 0.46 0.38 ±0.01 

Treated discharge  0.50 0.48 0.48 0.49 ±0.10 

#3 

Inlet  0.65 0.50 -* 0.58 ±0.10 

Control discharge  0.51 0.81 0.60 0.64 ±0.15 

Treated discharge  0.53 0.54 0.40 0.49 ±0.08 

FR Field replicate 
AVG Average 
STD Standard deviation 
* Sample lost 
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Table B-3 Measurements of dissolved organic carbon (DOC) 

Test 

cycle 
Water type 

DOC (mg/L) 

FR1 FR2 FR3 AVG STD 

#1 

Inlet  3.0 2.9 3.0 3.0 ±0.05 

Control discharge  2.9 2.9 2.9 2.9 ±0.01 

Treated discharge  3.0 2.9 2.9 3.0 ±0.05 

#2 

Inlet  1.8 1.8 1.6 1.7 ±0.11 

Control discharge  2.0 1.8 1.8 1.8 ±0.11 

Treated discharge  1.6 1.7 1.7 1.7 ±0.03 

#3 

Inlet  1.9 1.9 -* 1.9 ±0.005 

Control discharge  1.9 1.9 1.9 1.9 ±0.02 

Treated discharge  1.9 1.9 2.0 2.0 ±0.07 

FR Field replicate 
AVG Average 
STD Standard deviation 
* Sample lost 
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Organism size class ≥50 µm  

Table B-4 Enumeration of organisms ≥50 µm and sample volumes 

Test 

cycle 
Water type 

Organisms ≥50 µm 

FR1 FR2 FR3 AVG 
STD 

vol. m3 org./m3 vol. m3 org./m3 vol. m3 org./m3 org./m3 

#1 

Inlet 1.152 9,894 1.159 12,409 1.153 12,031 11,445 ±1,356 

Control discharge 1.183 9,413 1.192 8,121 1.196 9,181 8,905 ±689 

Treated discharge 3.145 1.6 3.145 0.32 3.150 0.32 0.74 ±0.73 

#2 

Inlet 1.080 25,894 1.065 20,659 1.097 22,268 22,941 ±2,682 

Control discharge 3.191 10,804 3.195 10,086 3.186 10,746 10,545 ±399 

Treated discharge 1.142 5.0 1.129 6.6 1.119 4.4 5.3 ±1.1 

#3 

Inlet 1.042 30,023 1.044 34,847 1.064 28,844 31,238 ±3,180 

Control discharge 1.139 25,296 1.138 24,974 1.144 25,271 25,180 ±179 

Treated discharge 3.205 7.2 3.195 5.6 3.185 5.0 5.9 ±1.1 

FR Field replicate 
AVG Average 
STD Standard deviation 
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Organism size class ≥10 and <50 µm 

Table B-5 Enumeration of organisms ≥10 µm and <50 µm by microscopy 

Test 

cycle 
Water type 

Organisms/mL 

FR1 FR2 FR3 AVG STD 

#1 
Inlet  300 379 253 311 ±64 

Control discharge 316 153 268 246 ±84 

#2 
Inlet  161 129 187 159 ±29 

Control discharge 118 163 134 139 ±23 

#3 
Inlet  195 176 111 161 ±44 

Control discharge  124 137 74 111 ±33 

FR Field replicate 
AVG Average 
STD Standard deviation 

 Table B-6 Determination of viable algae by the most probable number (MPN) assay 

Test 

cycle 
Water type 

Viable algae (organisms/mL) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 AVG 

#1 

Inlet  160 >160 >160 - - - - - - >160 

Control discharge >160 >160 >160 - - - - - - >160 

Treated discharge <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 

#2 

Inlet  >160 >160 >160 - - - - - - >160 

Control discharge >160 >160 >160 - - - - - - >160 

Treated discharge 
0.18 

(0.024
-1.4) 

0.20 
(0.028
-1.4) 

<0.18 <0.18 <0.18 <0.18 <0.18 <0.18 
0.20 

(0.028
-1.4) 

0.18 

#3 

Inlet  >160 >160 >160 - - - - - - >160 

Control discharge >160 >160 >160 - - - - - - >160 

Treated discharge 
0.20 

(0.028
-1.4) 

0.20 
(0.028
-1.4) 

<0.18 <0.18 <0.18 <0.18 <0.18 <0.18 <0.18 0.18 

FR Field replicate 
AVG Average 
( ) 95% confidence interval 
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Table B-7 Measurements of primary production by planktonic algae 

Test 

cycle 
Water type 

Primary production (DPM) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 AVG STD 

#1 

Inlet 1,063 1,082 1,347 - - - - - - 1,164 ±159 

Control discharge 654 837 603 - - - - - - 698 ±123 

Treated discharge 3.6 - - 0 - - 0 - - 1.2 ±2.1 

#2 

Inlet 556 599 790 - - - - - - 648 ±124 

Control discharge 25 55 46 - - - - - - 42 ±15 

Treated discharge 0 -  - 0 - - 0 - - 0 - 

#3 

Inlet 192 67 85 - - - - - - 115 ±68 

Control discharge 49 73 207 - - - - - - 110 ±85 

Treated discharge 0  - - 0 - - 0 - - 0 - 

DPM Disintegrations per minute 
FR Field replicate 
AVG Average 
STD Standard deviation 
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Bacteria 

Table B-8 Enumeration of E. coli 

Test 

cycle 
Water type 

E. coli (CFU/100 mL) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 AVG STD 

#1 

Inlet 11 25 39 - - - - - - 25 ±14 

Control discharge 18 22 16 - - - - - - 19 ±3.1 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

#2 

Inlet <10 43 76 - - - - - - 43 ±33 

Control discharge 87 10 21 - - - - - - 39 ±42 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

#3 

Inlet 87 65 65 - - - - - - 72 ±13 

Control discharge 10 <10 43 - - - - - - 21 ±19 

Treated discharge <10 <10 <10 10 <10 <10 <10 <10 <10 <10 - 

CFU Colony-forming units 
FR Field replicate 
AVG Average 
STD Standard deviation 

Table B-9 Enumeration of enterococci 

Test 

cycle 
Water type 

Enterococci (CFU/100 mL) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 AVG STD 

#1 

Inlet 44 23 37 - - - - - - 35 ±10 

Control discharge 18 28 19 - - - - - - 22 ±5.5 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

#2 

Inlet <10 <10 10 - - - - - - <10 - 

Control discharge <10 <10 <10 - - - - - - <10 - 

Treated discharge <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

#3 

Inlet 10 <10 <10 - - - - - - <10 - 

Control discharge <10 <10 <10 - - - - - - <10 - 

Treated discharge 10 <10 <10 <10 <10 <10 <10 <10 <10 <10 - 

CFU Colony-forming units 
FR Field replicate 
AVG Average 
STD Standard deviation 
 

  



DHI  
 

 

EAT/11811494/ Performance evaluation in shipboard test of the Auramarine ballast water management system CrystalBallast®75 /Report No. 2/2012.08.31 24 
 

Table B-10 Enumeration of Vibrio cholerae 

Test 

cycle 
Water type 

Vibrio cholerae (CFU/100 mL) 

FR1 FR2 FR3 FR4 FR5 FR6 FR7 FR8 FR9 AVG STD 

#1 

Inlet <1 <1 <1 - - - - - - <1 - 

Control discharge <1 <1 <1 - - - - - - <1 - 

Treated discharge <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 - 

#2 

Inlet <1 <1 <1 - - - - - - <1 - 

Control discharge <1 <1 <1 - - - - - - <1 - 

Treated discharge <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 - 

#3 

Inlet <1 <1 <1 - - - - - - <1 - 

Control discharge <1 <1 <1 - - - - - - <1 - 

Treated discharge <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 - 

CFU Colony-forming units 
FR Field replicate 
AVG Average 
STD Standard deviation 
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1 OBJECTIVE 

For an application for final approval, the IMO Convention requires an approval of Bal-

last Water Management Systems (BWMS) according to the principles laid down in 

Resolution MEPC.174(58) (G8) /1/ to assure that BWMS approved by administrations 

are capable of meeting the standard regulation D-2 (MEPC G8) in land-based and ship-

board evaluations and do not cause unacceptable harm to the vessel, crew, environment 

or public health. 

 

The objective is to conduct a shipboard test of the Auramarine Crystal Ballast 250 

BWMS (hereafter CB250) according to Resolution MECP.174(58), Guidelines for ap-

proval of ballast water management systems (G8) (hereafter designated as the ‘G8 

guidelines’). 

2 CLIENT 

Auramarine Ltd. 

P.O. Box 849 

FIN-20101 Turku 

Finland 

 

Contact person: Jukka Suvanto 

3 CERTIFICATION BODY 

Det Norske Veritas AS 

Veritasveien 1 

N-1363 Høvik, Oslo 

Norway 

4 DHI BALLAST WATER CENTRE 

DHI 

Agern Allé 5 

DK-2970 Hørsholm 

Denmark 

 

Contact Person: Michael Jakob Andersen 

5 SUBCONTRACTORS 

The shipboard test will be conducted by DHI, and, with the possible exception of verifi-

cation of Vibrio cholerae (according to SOP 30/1707), subcontractors will not be in-

volved. 



  
 

 

2 
 

6 PROJECT MANAGEMENT 

The project manager for the study is Michael Jakob Andersen.  

7 SYSTEM DESCRIPTION 

The description of the CB250, provided in Appendix A, is identical to the description 

received from the client. 

8 SAFETY HANDLING OF ACTIVE SUBSTANCES 

No active substances are applied by the BWMS, CB250. 

9 TEST DESIGN 

9.1 Trial period and locations 

The shipboard test will be conducted during at least two separate campaigns on board 

the vessel M/S Ahtela, IMO 8911736, DNV ID 16627. The campaigns will be conduct-

ed within a trial period with a time span of not less than six months. 

 

The first campaign (Campaign 1) will include two test cycles, one by use of a 

Boll&Kirch 6.18.2 filter and one by use of a FilterSafe BSF-100H filter which are con-

nected to the BWMS (as described in Appendix A). Campaign 1 is scheduled to be con-

ducted in Hundested, Denmark, between 28.10.2011 and 08.11.2011. The time of arri-

val of M/S Ahtela in Hundested shall be communicated to DNV and DHI by email from 

Auramarine. The testing locations are due to change if the densities of phytoplankton in 

the sea in Hundested are below the validity criteria for inlet water described in section 

10. 

 

The second campaign (Campaign 2) will include two test cycles by use of one of the 

above-mentioned filters, which will be selected after Campaign 1. Campaign 2 will be 

conducted in April-May 2012 or later. Details on dates and locations for ballasting and 

deballasting activities will be provided as amendments to the Quality Assurance Project 

Plan when this information is available.   

9.2 Test cycles 

The BWMS will be operated by Auramarine during all the test cycles. Each test cycle 

consists of sampling and analyses of: 

 

Inlet water (the physico-chemical and biological parameters in the inlet water will be 

considered as sufficiently stable during the ballasting; unless the local conditions indi-

cate that the parameters in the inlet water vary with time, only one set of samples and 

analyses will be used to represent the control tank and the ballast tank); 
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Discharge control water (stored without treatment from the time of ballasting to dis-

charge); 

 

Discharge treated water (treated and stored from the time of ballasting to discharge). 

  

9.3 Sampling 

9.3.1 Sample overview 

 Samples Sample volumes per replicate 

Inlet water 3 replicates 

 

Organisms ≥50 µm: >1 m
3
 * 

Organisms 10-50 µm: >1 L ** 

Bacteria: >0.5 L **  

DOC + POC: approx. 0.5 L ** 

TSS: approx. 2 L ** 

Discharge control 

water 

3 replicates 

 

Organisms ≥50 µm: >1 m
3
 * 

Organisms 10-50 µm: >1 L ** 

Bacteria: >0.5 L ** 

DOC + POC: approx. 0.5 L ** 

TSS: approx. 2 L ** 

Discharge treated 

water 

3 replicates Organisms ≥50 µm: >3 m
3
 * 

3 x 3 replicates Organisms 10-50 µm: >1 L ** 

3 x 3 replicates Bacteria: >0.5 L ** 

3 replicates DOC + POC: approx. 0.5 L ** 

3 replicates TSS: approx. 2 L ** 

*, collected by continuous flow during the entire period of intake or discharge; this con-

tinuous sampling of 3 replicates, each with a volume of at >3 m
3
, provides the same sta-

tistical basis for counting as the sampling 3 x 3 replicates of >1 m
3
 which is recom-

mended in the G8 guidelines; **, grab samples collected over the period of intake or 

discharge (e.g. start, middle and end). 
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9.3.2 Samples for enumeration of organisms ≥50 µm 

Three replicates will be collected by parallel continuous sampling during the entire pe-

riods of intake and discharge. The samples will be gently filtered through a net with a 

mesh size of 35 µm and a reservoir (cod-end) at the bottom of the net for collecting the 

zooplankton. Each replicate will be concentrated in 1-L glass bottles. The total volume 

of the filtered sample will be determined by a flow meter.  

9.3.3 Samples for enumeration of organisms ≥10 µm and <50 µm 

Grab samples (3 replicates of the inlet water, 3 replicates of the control discharge water, 

and 3 x 3 replicates of the treated discharge water) with a volume of at least 1 L will be 

collected in appropriate containers. 

9.3.4 Samples for enumeration of bacteria 

Grab samples (3 replicates of the inlet water, 3 replicates of the control discharge water, 

and 3 x 3 replicates of the treated discharge water) with a volume of at least 0.5 L will 

be collected in appropriate sterile containers. 

9.4 Analyses 

9.4.1 Analysis overview 
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 Replicates 

Inlet water          

Replicate 1 (start) 1 1 Three 

repli-

cates 

1 1 1 1 1 1 

Replicate 2 (mid) 2 2 2 2 2 2 2 2 

Replicate 3 (end) 3 3 3 3 3 3 3 3 

Control discharge 

water 

         

Replicate 1 (start) 1 1 Three 

repli-

cates 

 1 1 1 1 1 

Replicate 2 (mid) 2 2  2 2 2 2 2 

Replicate 3 (end) 3 3  3 3 3 3 3 

Treated discharge 

water 

         

Replicate 1-3 (start) 1 1 Three 

repli-

cates 

 1-3 1 1-3 1 1 

Replicate 4-6 (mid) 4 4  4-6 4 4-6 4 4 

Replicate 7-9 (end) 7 7  7-9 7 7-9 7 7 

 

The samples for all analyses will be kept cool from the time of collection, and the sam-

ples will be analysed within shortest possible time period. The following sections use 

the wording “work on location” to describe activities carried out on-board the vessel. In 

the case that the shipboard test is conducted on M/S Ahtela alongside the pier in Hun-
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dested, it may be convenient to collect samples on-board and perform the analyses in 

DHI’s laboratory in Hørsholm (approx. 1 hour drive from Hundested). “Work on loca-

tion” will in this situation have no meaning as all analyses will be conducted in the la-

boratory.  

9.4.2 Temperature and salinity 

Temperature and salinity will be measured by use of portable multi parameter instru-

ment equipped with electrodes. Measurements will be conducted at regular intervals 

throughout the inlet and discharge operations. 

9.4.3 Organism size class ≥50 µm 

The concentrations of viable organisms ≥50 µm in the samples will be determined by 

using a stereo microscope and a counting chamber according to SOP 30/1700. Viable 

organisms will be determined on the basis of mobility and morphology and by using the 

vital stain Neutral Red. The viable organisms will be characterized according to broad 

taxonomic groups such as rotifers, crustaceans, molluscs, worms, etc. The analyses will 

be completed on location. 

9.4.4 Organism size class  ≥10 µm and <50 µm 

Work on location. Inlet water samples will be treated with Lugol’s solution to enable 

determination of the concentrations of organisms in the size class ≥10 and <50 µm. The 

container with the inlet water sample (approx. 10 L) will be shaken gently (upside down 

5 times); two subsamples (approx. 100 mL) per replicate will be transferred immediate-

ly to brown 100-mL glass bottles and added Lugol’s solution to achieve 2% final con-

centration according to SOP 30/1701. 

 

The concentrations of viable algae in the inlet and discharge water samples will be ana-

lyzed by use of the most probable number (MPN) assay. The container with the total 

sample (approx. 10 L) will be shaken gently (upside down 5 times). For the MPN assay, 

dilution series of the inlet water, control discharge water and treated discharge water 

will be prepared by adding aliquots of sample to test tubes with liquid medium to a total 

volume of 6 mL, including controls containing only 6 mL of medium, as described in 

SOP 30/1704. All test tubes will be kept at ambient temperature without direct exposure 

to the sun, where after the incubation will be continued upon arrival to the laboratory. 

 

For measuring the primary production of algae in inlet and discharge water samples, 

two representative subsamples of each replicate will be transferred to 60 mL bottles and 

incubated for approx. 2 hours under light from a light-panel. After incubation, the sam-

ples will be filtered onto GF/D filters and the filters will be transferred to glass vials as 

described in SOP 30/1702. 

  

Work in laboratory. The concentrations of viable organisms in the size class ≥10 and 

<50 µm in the inlet water will be determined by inverted microscopy of samples pre-

served with Lugol’s solution according to SOP 30/1701. The analyses comprise detailed 

examination of the algal chloroplasts to confirm that the phytoplankton were alive and 

classification of the algae in major taxonomic groups. 

 

Most probable number (MPN) assay. Upon arrival to the laboratory, the fluorescence of 

the test tubes will be determined immediately. The MPN test tubes will be incubated for 

http://en.wikipedia.org/wiki/Mollusca
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14 days at room temperature as described in SOP 30/1704. The concentrations of viable 

algae in the inlet water, control discharge water and treated discharge water will be de-

termined by measuring of the fluorescence in the MPN test tubes according to SOP 

30/1704. 

 

Primary production will be determined by measuring the amounts of 
14

C fixed by pho-

tosynthesis by liquid scintillation counting according to SOP 30/1702. 

9.4.5 Bacteria 

Work on location. The concentrations of E. coli and enterococci will be determined ac-

cording to SOP 30/1708 with appropriate modifications for shipboard test. The analyses 

of E. coli and enterococci will be completed on location when the sampling time allows 

sufficient time for incubation and enumeration. If there is not time to complete the anal-

yses on location, one sample (volume approx. 100 mL) per replicate will be transferred 

to sterile containers which will be kept in the dark at 1-4 ºC until the arrival at the DHI 

laboratory.   

 

Samples for detection of Vibrio cholerae will be filtered through a 0.45 µm-filter, where 

after the filter will be placed in a sterile container which will be kept in the dark at 1-4 

ºC until the arrival at the DHI laboratory.   

 

Work in laboratory. Analyses of E. coli and enterococci that were not completed on 

location will be conducted in the laboratory according to SOP 30/1708. 

 

The possible occurrence of Vibrio cholerae will be analysed according to SOP 30/1707 

with appropriate modifications for shipboard test.   

9.4.6 DOC, POC and TSS 

Work on location. For determination of dissolved organic carbon (DOC) and particu-

late organic carbon (POC), an appropriate sample volume is treated as described in SOP 

30/1769. 

 

For determination of total suspended solids (TSS) an appropriate sample volume is fil-

tered through a glass fibre filter which has already been weighed in the laboratory. 

 

Work in laboratory. Determination of DOC and POC according to SOP 30/1769. De-

termination of TSS according to SOP 30/1768. 

10 VALIDITY CRITERIA 

Valid test cycles are test cycles in which: 

 

 the concentrations of viable organisms in the inlet water are at least 10 times 

higher than the maximum permitted values in regulation D-2.1 on discharge (ex-

cepted from the requirements to bacteria); 

 

 the concentrations of viable organisms in the discharge control water exceed the 

maximum permitted values in regulation D-2.1 on discharge (excepted from the 

requirements to bacteria). 
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Organism size class IMO D-2.1 requirements on discharge 

Organisms ≥ 50 µm <10 viable organisms/m
3 

Organism size: 10 µm - < 50 µm <10 viable organisms/mL 

 

11 PASS CRITRIA 

The G8 guidelines prescribe that the performance evaluation in the shipboard test may 

be considered successful, if the BWMS has passed the criteria below in three consecu-

tive test cycles, including ballasting and deballasting operations, conducted on board a 

vessel during a trial period of not less than six months. 

 

The pass criteria for the shipboard test cycles are: 

 

1. The test cycle shall be valid according to the validity criteria 

2. The average density of organisms larger than or equal to 50 µm in minimum diame-

ter in the replicate samples shall be less than 10 viable organisms per m
3 

at discharge 

3. The average density of organisms smaller than 50 µm and larger than or equal to 10 

µm in minimum diameter in the replicate samples shall be less than 10 viable organ-

isms per mL at discharge 

4. The average density of Vibrio cholerae (serotypes O1 and O139) shall be less than 1 

CFU per 100 mL at discharge 

5. The average density of E. coli in the replicate samples shall be less than 250 CFU 

per 100 mL at discharge 

6. The average density of intestinal enterococci in the replicate samples shall be less 

than 100 CFU per 100 mL at discharge 

12 TIME SCHEDULE 

October-November 2011  First campaign of test cycles conducted on board  

April-May 2012   Second campaign of test cycles conducted on board  

May-June 2012 Draft and final reporting. Final report submitted one 

month after completion of Campaign 2 

13 QUALITY ASSURANCE 

The DHI Quality Assurance Unit will review this Quality Assurance Project Plan and 

conduct inspections of the laboratory analyses and the raw data. 

 

The final report will be audited. 

 

Inspection and audit will be carried out by Quality Assurance personnel independent of 

the staff involved in the shipboard test. 
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14 REPORTS 

The following reports will be prepared: 

 

An interim report compiling the data for the first campaign of test cycles  

 

A draft final report compiling all relevant data from the test cycles, data interpretation 

and conclusion 

 

A final report  

15 ARCHIVING 

All data generated and all other records and information relevant to the quality and in-

tegrity of the land-based testing will be retained according to the DHI Quality Manual 

Plan /2/. The data will be filed in the archives of DHI and retained for a period of five 

years after issue of the final report.  

16 AMENDMENTS AND DEVIATIONS 

Amendments are planned changes of the Quality Assurance Project Plan. Deviations are 

unplanned changes. Amendments and deviations will be signed by the project manager 

and documented in the file and the final report. 

17 REFERENCES 

/1/ Resolution MEPC.174(58). Adopted on 10 October 2008. Guidelines for approval 

of ballast water management systems (G8). 

 

/2/ Quality Management Plan (QMP) for DHI Maritime Technology Evaluation Fa-

cility (MTEF). 2010. 
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A P P E N D I X  A  

Description of the ballast water management system as given by the 
client 
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Auramarine has a ballast water treatment system called CrystalBallast. Auramarine will 
perform shipboard tests according to IMO G8 in ship called Ahtela. Testing will be done for 
two sizes of CrystalBallast 75m³/h (CB75) and 250m³/h (CB250). Testing period will be for 
CB250 6 months of discharge fulfilling the G8 recommendations, and it includes a 3 month 
period where the intake and discharge are fulfilling the G8 recommendations. As in the 
timeline below. 
 

        3 
months 

   

             

             

             

    Intake 
ok 

  Intake 
ok 

Intake 
ok

   

Discharge ok  Discharge ok  Discharge ok  Discharge ok      Discharge ok 

             

          6 
months

   

 
 
The CB75 unit will be tested for 3 months where the intake and discharge will fulfill the G8 
recommendations.  
 
The ship Ahtela is not in any regular route. The G8 is recommending that the ship should be 
in normal operation. Because Ahtela is not in any regular route she will simulate a normal 
operation by ballasting/deballasting 3-4 times per week every other week. Also the ship will 
sail between two ports between the ballasting/deballasting. The ports can be any ports in the 
world. This is considered as normal operation. If Ahtela will have some ‘sold’ routes during the 
6 month period, this will be considered as normal operation. 
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7.  Sampling pipes, see drawing 308456, in cargo space between the containers and machinery 
space, in order to make the sampling & testing easy. 

8. During ballasting the valve LB2 on the ballast discharge line will be closed. By closing this 
valve the system will avoid the possibility of filter back flush to be returned to main line. 

Sampling	points	
 

On the system inlet and outlet there will be sample points which are recommended in the G2 and G8. 
There will be 3 pieces of sample points on the system inlet and outlet, totally 6 pieces of sampling 
points. To have multiple sampling points Auramarine wants to confirm that there will be enough 
samples and that the sample volumes are large enough. 

The sample points are in the same cargo space as the containers which include the unit. This is 
because there is not space for sampling equipment in the engine room. The sample points are as in 
picture 5. The sampling points are located in the pipeline before and after the unit as in picture 6. 

DNV comment: For the sampling points, please note that placing the 2 sample outlets as proposed 
may influence the samples of the 2nd outlet, depending on the direction of the flow. The QAPP for 
shipboard tests should indicate how the samples will be taken and from which outlet. In any case, it 
will be an interesting study to see if turbulence caused by the first sampling outlet will affect the 
sampling results from the 2nd sampling outlet. 
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Piccture 6: Pipeeline on the sampling ppoints 
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By performing the shipboard tests according to this document Auramarine will have conducted 
shipboard tests required by the G8 Guidelines and BWM.2/Circ.33 as part of Type Approval. 

The Type Approval is given to CrystalBallast models CB75 and CB250. The Type Approval also 
allows Auramarine to build units with bigger flows by installing a filter which can handle bigger flow 
and installing the UV-reactors in parallel. 

Other shipboard tests will also be continued in MS Pasila. In Pasila the test continues on CB500 and 
CB1000. If the 6 month shipboard test will be conducted earlier in Pasila than Ahtela, this will give 
Type Approval for CB250, CB500 and/or CB1000.  

If then again the 6 month test period will be conducted first in Ahtela on CB250. Then other models 
CB75, CB500 ja CB1000 will be tested for 3 months. 
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AMENDMENT 
 

 

Quality Assurance Project Plan 

Shipboard Test of Auramarine’s Crystal Ballast 250 Ballast Water Management 

System. October 2011. 

Amendment number 1 

2011.10.28 

 

 

Amendment Comments  

The CrystalBallast® CB75/250 Combo 

The QAPP in general applies for the shipboard testing of the Auramarine 

CrystalBallast® CB75/250 combo ballast water treatment unit and not only the CB250 

as described in the QAPP. The descriptions in the QAPP are also valid for the CB75. 

The test design and analyses will be exactly the same for the CB75 and the CB250. 

 

The first campaign (Campaign 1) with the CB75 will include two test cycles, one by use 

of a Boll&Kirch 6.18.2 filter and one by use of a FilterSafe BSF-100H. Campaign 1 is 

scheduled to be conducted in Hundested, Denmark, between 05.11.2011 and 

09.11.2011. The M/S Ahtela is currently situated in Hundested. The testing location is 

due to change if the densities of phytoplankton in the sea in Hundested are below the 

validity criteria for inlet water described in section 10 of the QAPP. 

 

Amendment to section 9.4.1 Analysis overview. 

Enumeration and characterization of organisms in the ≥10 µm and <50 µm size range 

by inverted microscopy will also be conducted for control discharge water samples 

fixed with Lugol solution. This will be conducted in addition to MPN assays for 

discharge control water. The methodology will be the same as described for inlet water 

control samples in section 9.4.4 of the QAPP.  

 

Reason for Amendment 

Due to the potential favourable conditions for shipboard testing in Hundested, Denmark 

Auramarine Ltd. has requested to initiate testing with the CB75 during the planned 

testing campaign for the CB250 in October-November 2011. 

The addition to section 9.4.1 analysis overview of the QAPP was made according to a 

request from DNV. 

 

Impact of Amendment 

The trial period of at least three months for the CB75 described in Appendix A of the 

QAPP is planned to be initiated on the 5
th

 of November 2011. 
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Preventive Action 

Not relevant. 

 

Michael Andersen 

 

  

Project manager  

2011.10.28  

Date 

 

 

 

 

 

 

 

 

 

 

 

 

Copy to be sent to the client, the Certification Body and the DHI Quality Assurance 

Unit. 
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AMENDMENT 
 

 

Quality Assurance Project Plan 

Shipboard Test of Auramarine’s Crystal Ballast 250 Ballast Water Management 

System. March 2012. 

Amendment number 2 

09.03.2012 

 

Amendment Comments  

The second campaign (Campaign 2) with the CrystalBallast75 (CB75) will include two 

test cycles with a Boll&Kirch 6.18.2 filter. Campaign 2 is scheduled to be conducted in 

Hundested, Denmark, between 12.03.2012 and 16.03.2012. The M/S Ahtela is 

scheduled for arrival in Hundested 11.03.2012. The testing location is due to change if 

the densities of phytoplankton in the sea in Hundested are below the validity criteria for 

inlet water described in section 10 of the QAPP. 

 

Reason for Amendment 

Planned amendment with details on locations and dates for Campaign 2 as described in 

section 9.1 of the QAPP. 

Impact of Amendment 

The trial period of the CB75 will be completed by the 16.03.2012. 

Preventive Action 

Not relevant. 

 

Michael Andersen 

 

  

Project manager  

09.03.2012  

Date 

 

Copy to be sent to the client, the Certification Body and the DHI Quality Assurance 

Unit. 
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AMENDMENT NO. 3 
 

 

Quality Assurance Project Plan 

Shipboard Test of Auramarine’s Crystal Ballast 250 Ballast Water Management 

System 

April 2012 

 

Date 

18.04.2012 

 

Amendment  

The second campaign (Campaign 2) with the CrystalBallast250 (CB250) will include 

two test cycles; one with a FilterSafe BSF-100H filter and one with a Boll&Kirch 

6.18.2 filter. Campaign 2 is scheduled to be conducted in Hundested, Denmark, between 

28.04.2012 and 01.05.2012. The testing location is due to change if the densities of 

phytoplankton in the sea in Hundested are below the validity criteria for inlet water 

described in section 10 of the QAPP. 

 

Reason for Amendment 

Planned amendment with details on locations and dates for Campaign 2 with the CB250 

as described in section 9.1 of the QAPP. 

Impact of Amendment 

The trial period of the CB250 will be completed by the 01.05.2012. 

Preventive Action 

Not relevant. 

 

 

 ______________ 

Michael Andersen, Project manager  

 

Copy to be sent to the client, the Certification Body and the DHI Quality Assurance 

Unit. 
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AMENDMENT NO. 4 

 
 

Quality Assurance Project Plan 

Shipboard Test of Auramarine’s Crystal Ballast 250 Ballast Water Management 

System 

June 2012 

Date 

2012.06.22 

 

Amendment Comments  

A third campaign comprising additional testing with the CrystalBallast75 (CB75) has 

been requested by Auramarine Ltd. Campaign 3 with the CB75 will include two test 

cycles with a FilterSafe BSF-100H filter (40-µm mesh). One test cycle was conducted 

previously with the FilterSafe BSF-100H filter. Campaign 3 is scheduled to be 

conducted in Skagen Harbour, Denmark, between 2012.06.25 and 2012.06.27. The 

testing location is due to change if the densities of phytoplankton in the sea at Skagen 

are below the validity criteria for inlet water described in Chapter 10 of the QAPP. 

 

Reason for Amendment 

Amendment with details on locations and dates for Campaign 3 as described in Section 

9.1 of the QAPP.  

Impact of Amendment 

The trial period of the CB75 with the FilterSafe BSF-100H filter will be completed by 

the 2012.06.27.  

Preventive Action 

Not relevant. 

 
  

Michael Andersen 

Project manager  

2012.06.22  

Date 

 

Copy to be sent to the client, the Certification Body and the DHI Quality Assurance 

Unit. 
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Certificate of compliance, ISO 9001 certificate, accreditation and GLP 

authorisation 





  

DET NORSKE VERITAS 
MANAGEMENT SYSTEM CERTIFICATE 

Certificate No. 109333-2012-AQ-DEN-DANAK 

This is to certify that 

DHI Group 

has been found to conform to the management system standard: 

DS/EN ISO 9001:2008 

This certificate is valid for the following product or service ranges: 

Consulting, software, research & development and laboratory testing, analysis & products 
within the area of water, environment & health 

 
Locations included in the certification will appear in the appendix. 

 
Place and date:

Hellerup, 2012-01-10
This certificate is valid until: 

2015-01-10 
DET NORSKE VERITAS,  

BUSINESS ASSURANCE, DANMARK A/S 

The audit has been performed under the 
supervision of: 

  
Jan Carsten Schmidt Jens Peter Høiseth 

Lead Auditor 

  DANAK  SYSTEM Reg.nr. 5001 

Managing Director 

Lack of fulfilment of conditions as set out in the Certification Agreement may render this certificate invalid. 
 

Det Norske Veritas, Business Assurance, Danmark A/S 
Tuborg Parkvej 8, 2., DK-2900 Hellerup, Denmark. Tel: +45 39 45 48 00, www.dnv.com / www.dnv.dk 



  

DET NORSKE VERITAS 
APPENDIX TO CERTIFICATE 

This appendix refers to certificate no. 109333-2012-AQ-DEN-DANAK 

DHI Group 

Locations included in the certification are as follows: 
 
Site Address Scope: 

Agern Allé 5 2970 Hørsholm, Denmark 

Consulting, MIKE© by DHI Software Development, 
Sales & Support, Solutions Software Development, 
Research, Development &  Innovation and Laboratory 
Analysis, Testing & Products 

INCUBA Science Park, Gustav Wieds Vej 10 8000 
Århus, Denmark 

Consulting, Solutions Software Development and 
Research, Development &  Innovation 

 
 
 

Place and date:

Hellerup, 2012-01-10
This certificate is valid until: 

2015-01-10 
DET NORSKE VERITAS,  

BUSINESS ASSURANCE, DANMARK A/S 

The audit has been performed under the 
supervision of: 

  

Jan Carsten Schmidt Jens Peter Høiseth 
Lead Auditor 

  DANAK  SYSTEM Reg.nr. 5001 

Managing Director 
 

 

Lack of fulfilment of conditions as set out in the Certification Agreement may render this certificate invalid. 
 

Det Norske Veritas, Business Assurance, Danmark A/S 
Tuborg Parkvej 8, 2., DK-2900 Hellerup, Denmark. Tel: +45 39 45 48 00, www.dnv.com / www.dnv.dk 
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